Cross-talk between protein kinase C and multifunctional Ca2+/calmodulin-dependent protein kinase.
Protein kinase C (PKC) exhibits both negative and positive cross-talk with multifunctional Ca2+/calmodulin-dependent protein kinase (CaM kinase) in PC12 cells. PKC effects negative cross-talk by inhibiting the mobilization of intracellular Ca2+ stores and by inhibiting Ca2+ influx through voltage-sensitive Ca2+ channels. In the absence of cross-talk, Ca2+ influx induced by depolarization with 56 mM K+ stimulates CaM kinase and its autophosphorylation and converts up to 50% of the enzyme to a Ca(2+)-independent or autonomous species. Acute treatment with phorbol myristate acetate (PMA) elicits a parallel reduction in depolarization-induced Ca2+ influx and in generation of autonomous CaM kinase. Negative cross-talk also occurs during stimulation of the phosphatidylinositol signaling system with bradykinin, which activates both PKC and CaM kinase. The extent of CaM kinase activation is attenuated by the simultaneous activation of PKC; it is enhanced by prior down-regulation of PKC. PKC also exhibits positive cross-talk with CaM kinase. Submaximal activation of CaM kinase by ionomycin is potentiated by concurrent activation of PKC with PMA. Such PMA treatment is found to increase the level of cytosolic calmodulin. Enhanced activation of CaM kinase by PKC may result from PKC-mediated phosphorylation of calmodulin-binding proteins, such as neuromodulin and MARCKS, and the subsequent increase in the availability of previously bound calmodulin for activation of CaM kinase.